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Hydrocarbon-Based Discrimination of Three North American 
Blattella Cockroach Species (Orthoptera: Blattellidae) 
Using Gas Chromatography 
D. A. CARLSON AND R. J. BRENNER 
USDA-ARS, Insects Affecting Man and Animals Research Laboratory, 
Gainesville, Florida 32604 
Ann. Entomol. Soc. Am. 81(5): 711-723 (1988) 
ABSTRACT The identification of various life stages of three species of cockroaches was 
accomplished by using gas chromatography for the quantitative determination of cuticular 
hydrocarbon components. Dried and frozen specimens of wild and laboratory samples of 
the closely related species, Blattella asahinai Mizukubo and B. germanica (L.), were identified 
by inspection of chromatographic data. The cuticular hydrocarbons of each species were 
identified by mass spectrometry and found to be quite unlike those of the distantly related 
B. vaga Hebard. A statistical technique is described that provides a quantitative approach 
to numerical pattern recognition of chromatograms for identifying Asian and German cock-
roaches. In an experiment conducted to evaluate the operational efficiency of this technique 
for species identification, 63 blind samples of whole cockroaches (37), oothecae (6), and legs, 
wings, or cast skins (20) from German-like cockroaches including hybrids, were successfully 
identified. 
KEY WORDS Insecta, Asian, nymphs, pattern recognition 
RECOGNITION that the Asian cockroach, Blattella 
asahinai Mizukubo, had become established in 900 
km2 of suburban and rural areas of central Florida 
was complicated initially by the difficulty of iden-
tifying these insects that were new to the western 
hemisphere (Brenner et al. 1988). The first collec-
tions were prompted by reports from near Lake-
land, Fla., of large populations of cockroaches that 
lived outdoors and could fly, but otherwise ap-
peared to be German cockroaches, B. germanica 
(L.). 
Adults were determined to be morphologically 
identical to B. asahinai, a species recently de-
scribed from Okinawa (Mizukubo 1981) that is syn-
onymous with B. beybienkoi Roth and is the species 
most closely related phylogenetically to B. ger-
manica (Roth 1985, 1986). This identification was 
confirmed after exchange of specimens with the 
initial describer in Japan. Morphological separation 
of B. germanica and B. asahinai is difficult. Char-
acteristics described by Roth (1985) in his revision 
of worldwide Blattella are based primarily on the 
shape of the tergal gland and medial longitudinal 
groove in males; no taxonomic keys are available 
for nymphal stages (which often constitute 90% of 
a population of Blattella spp.) or for the adult 
females. Identification of males involves careful 
preparation of the cuticle and requires expertise in 
the taxonomy of cockroaches. 
Mizukubo (1981) studied Japanese populations 
of these two species; he separates females by the 
larger hind wings in B. asahinai. Thus, we per-
ceived the need to develop a rapid and reliable 
method of identifying all life stages of these two 
species, as well as B. vaga Hebard, the third Blat-
tella species found in North America. 
Previously, gas chromatography (GC) of cutic-
ular hydrocarbons was used to identify specimens 
of morphologically indistinguishable members of 
species complexes, such as Anopheles gambiae A 
and B mosquitoes (Carlson & Service 1980) and 
populations of Africanized and European honey 
bees (Carlson & Bolten 1984). Phylogenetic rela-
tionships have been studied recently using chem-
ical characters in other insects including mole 
crickets (Castner & Nation 1984), the Drosophila 
virilis group (Bartelt et al. 1986), and Tribolium 
spp. (Howard 1987). 
Preliminary investigations using GC of extracted 
hydrocarbons of flying wild cockroaches from 
Lakeland showed distinct differences from those 
of a laboratory colony of B. germanica. Here we 
report on chemical methods for the rapid and suc-
cessful identification of B. germanica, B. asahinai, 
and B. vaga, using either subjective comparisons 
of extracted hydrocarbon patterns obtained by GC, 
or an objective numerical procedure for "pattern 
recognition" of chromatograms. The characteriza-
tions of GC peaks were confirmed by mass spectral 
interpretation. This is the first identification of hy-
drocarbons from B. asahinai and the first for North 
American and Pacific Basin B. germanica. 
Materials and Methods 
Adult and nymphal stages of B. asahinai were 
collected in many locations between Lakeland and 
Tampa, Fla. and transported to the laboratory to 
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establish colonies. Collections were made outdoors 
where flight behavior was observed and collection 
of B. germanica was unlikely. 
Blattella germanica was collected indoors, but 
at different locations in northcentral Florida and 
near Tampa where mixing of species was not ex-
pected. Other specimens were obtained from es-
tablished laboratory colonies, including the Orlan-
do "normal" strain (insecticide-susceptible), and 
the House of Representatives strain (HRDC; in-
secticide-resistant). 
Specimens of B. vaga Hebard were obtained from 
a laboratory colony initiated from stock sent from 
the University of California, Riverside. Hybrids of 
B. asahinai females and B. germanica males were 
obtained from colonized material. 
Fresh specimens were frozen and maintained at 
O°C until analysis. Individual specimens were sub-
merged in 1 ml of n-hexane in small vials for 10-
20 min. Hydrocarbons were separated from the 
extracted lipids using chromatography on mini-
columns containing 1 cm of silica gel (60-200 mesh, 
J. T. Baker, Philadelphia, Pa.) packed into dispos-
able glass pipets (Carlson & Service 1980, Carlson 
& Bolten 1984). Separation of unsaturated hydro-
carbons was done using silver nitrate impregnated 
thin-layer plates (Carlson & Bolten 1984). The hy-
drocarbons were eluted with 1 ml hexane, concen-
trated to dryness, and redissolved in 50,ul of hexane 
for GC analysis. 
Simultaneous analysis of two samples by GC used 
a dual column Tracor Model 540 with on-column 
injectors (SGE, OC-2, Austin, Tex.), FID detectors, 
nonpolar fused silica columns (30 m by 0.32 mm 
inner diameter (ID), DB-I, J and W, Rancho Cor-
doba, Calif.), and H2 carrier gas. The column oven 
was programmed from 25-300°C at 20°C/min. The 
data were processed by a Nelson Analytical Model 
3000 IBM-AT-based system. 
Visual inspections of data system output and nu-
merical evaluations were conducted on data from 
several nymphal age classes as well as adult sexes 
for German and Asian cockroaches. Sixty Asian and 
60 German cockroaches (HRDC strain) were used 
including 10 each of small nymphs (approximately 
2 mm), medium nymphs (approximately 5 mm), 
male and female last-instar nymphs (approximate-
ly 8-9 mm), and older adults (4-5 d) of each sex. 
This technique is likely to be used to identify spec-
imens submitted from various areas of the country, 
including locations treated with insect growth reg-
ulators that deform adult stages. Therefore, 30 ad-
ditional German cockroaches were included as fol-
lows: males and females (5 each) from a colony 
initiated in 1984 from materials collected in Alaska; 
various adults (10) obtained throughout Florida, 
Alabama, and Louisiana; and males and females 
(5 each, Orlando normal strain) treated with the 
growth regulator hydroprene (Patterson & Koehler 
1985). Only 20 specimens of B. vaga were analyzed 
(5 each of small and large nymphs, males and fe-
males), because morphological traits of adults and 
nymphs are readily discernable from Asian and 
German cockroaches. 
Numerical comparisons of GC data were con-
ducted after assignment of Kovats Retention In-
dices (KI) to peaks. Briefly, these are four-digit 
numbers assigned to compounds according to their 
retention times on a GC column when compared 
to n-alkane standards. The area under each KI peak 
was integrated and values were expressed as a per-
centage of the total hydrocarbon composition per 
specimen. 
Gas chromatography mass spectrometry (GCMS) 
analyses of hydrocarbons were conducted using a 
Riber-Nermag Model R10-10C mass spectrometer 
interfaced with a Hewlett-Packard 5790A Series 
GG The column oven was fitted with a 30 m by 
0.23 mm ID column of DB-1 that was temperature-
programmed from 40-230° at 60°C/min, then 230-
320° at 18°C/min for electron impact spectra and 
chemical ionization (CI) spectra using methane. 
The methyl alkanes of German and Asian cock-
roach females are described here in groups by the 
GC peak in which they eluted. The molecular 
weights of hydrocarbons were identified by their 
methane CI spectra in which the base peak was 
always M-l. The analyses were repeated on dif-
ferent samples using a Hewlett-Packard Model 
5988A mass spectrometer interfaced with a Hew-
lett-Packard 5890 Series GC, with a 15 m by 0.32 
mm ID nonpolar cross-linked column, 90:1 split 
injection, and oven conditions as above (Table 1). 
For each KI peak, the mean and 95% confidence 
interval (CON) for observations around the mean 
were computed for each species (60 Asian and 60 
German cockroaches, stages pooled within species); 
12 common peaks (see Table 2) had nonoverlap-
ping intervals for the two species, and these were 
selected for further analysis. These data were aug-
mented by an additional 30 German cockroaches 
(described above) and data from all 150 specimens 
were subjected to principal components analysis 
(SAS Institute 1985) to visualize clustering of spec-
imens by species and to assess uniformity (i.e., sex-
ual dimorphism) within each species. Kaiser's mea-
sure of sampling adequacy (Kaiser 1970, Cerny & 
Kaiser 1977) was used to confirm the suitability of 
each peak for aiding in the identification of each 
species. 
These 12 peaks were used to develop a scoring 
procedure for identification of 150 individual spec-
imens. Each was given a score of 1 or -1 for each 
of the 12 peaks if the value was within the range 
of Asian or German CON, respectively, or a score 
of 0 if it fell outside of both ranges. All 12 scores 
were totaled for each specimen; possible scores 
therefore ranged from 12 to -12. Mean cumula-
tive discrimination scores then were computed by 
life stage (n = 10, except for Alaskan German cock-
roaches where n = 5), and 99% CON for obser-
vations about the means were constructed and plot-
ted. Critical regions were then chosen for each 
species, based on the range of these 99% CON. 
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Table 1. Alkanes and methylalkanes of German (HRDC and New Caledonia [NCal.] strains) and Asian cockroach 
females identified by mass spectrometry 
Relative abundanced 
Reten- Peak 
tion typeb Compound 
MWC Fragments observed German Asian 
indexa 
HRDC NCal. Florida 
2700 27 n-heptacosane 380d + + 
2733 27A 9-; 11-; 13-methylheptacosane 394 140/141, 280/281; 168/169, 252/253; 196/ +++ -++ N 
197, 224/225 
2740 27A 7-methy lheptacosane 394 112/113, 308/309 + + 
2752 27A 5-methylheptacosane 394 308, 337 (M-57)+ + + N 
2762 27B 11,15-dimethylheptacosane 408 168/169, 196/197, 239, 267 + + 
2775 27A' 3-methylheptacosane 394 365 (M-29)+ + + 
2785 27B 5,9-; 5-11-dimethylheptaco- 408 155, 280/281, 351, 379; 183, 252/253, 351, ++ -+ N 
sane 379 
2800 28 n-octacosane 394 + + + 
2810 27B' 3,9-; 3,11-dimethylheptaco- 408 155, 280/281, 379; 183, 252/253, 379 +- ++ ++ 
sane (M-29)+ 
2833 28A 9-; 10-; 11-; 12-; 13-; 408 140/141, 294/295; 154/155, 280/281; 168/ ++++ -+-- N 
14 - methyloctacosane 169, 266/267; 182/183, 252/253; 196/197, ++ ++ 
238/239; 210/211, 224/225 
2844 28A 4_e; 6-; 8-methyloctacosane 408 337, 365e; 309, 336/337; 126/127, 308/309 ++- +++ N 
2859 28B 8,12-; 11,15-dimethyloctaco- 422 126/127, 197, 252/253; 168/169, 210/211, ++ ++ N 
sane 239, 281 
2900 29 n-nonacosane 408 + + + 
2933 29A 9-; 11-; 422 140/141, 308/309; 168/169, 280/281 ++ -+ -+ 
13-, 15-methylnonacosane 196/197, 252/253 ++ ++ ++ 
2940 29A 7 -methylnonacosane 422 112/113, 336/337 (M-84)+ + 
2952 29A 5-methylnonacosane 422 336, 337, 365 (M-57)+ + + + 
2962 29B 11,15-; 13,17-dimethylnona- 436 168/169, 224/225, 239, 295; 196/197, 267 ++ ++ ++ 
cosane 
2975 29A' 3-methy lnonacosane 422 364, 365, 393 (M-29)+ + + + 
2985 29B 5,9-; 5,11-; 5,13-dimethylnona- 436 155-, 308/309, 351, 379; 183, 280/281, 351, ++- +++ +++ 
cosane 379; 211, 252/253, 351, 379 
3010 29B' 3,7-; 3,9-; 3,11-dimethylnona- 436 127, 336/337, 379, 407; 155, 308/309, 379, ++ ++ ++ 
cosane 407; 183, 280/281, 379, 407 + + + 
3040 29B' dimethyltriacontane? 450 N N 
30A 11-; 13-; 15-methyltriacon- 436 168/169, 294/295, 196/197, 266/267, 224/ +++ 
tane 225, 238/239 
3133 31A 11-; 13-; 15-methylhentria- 450 168/169, 308/309; 196/197, 280/281; 224/ +++ +++ +++ 
contane 225, 252/253 
3140 31A 7 -methylhentriacontane 450 112/113, 365 N N + 
3162 31B 11,15-; 13,17 -dimethylhen- 464 168/168, 239, 252/253, 323; 196/197, 224, ++ ++ 
triacontane 267, 295 
3185 31B 5,9-; 5,11-; 5,13-; 5,15-dime- 464 155, 336/337, 407; 183, 308/309, 407; 211, N ++++ 
thylhentriaconatane 280/281, 407; 239, 252/253, 407 
3208 31B' 3,9-; 3,11-dimethylhen- 464 155, 336/337, 407, 435; 183, 308/309, 407, ++ ++ 
triacontane 435 
a Nonpolar capillary 30 m x 0.32 m ID DB-I. 
b A, methyl; A', 2-, 3-, or 4-methyl; B, dimethyl; B', 2,X- or 3,X-dimethyl (Nelson & Sukkestad 1970). 
C Molecular weight derived from (M-l)+ via chemical ionization (methane) GCMS. 
d +, present; -, not observed; N, structure not determined but (M-l)+ confirmed by chemical ionization chromatography. 
e 4-methyloctacosane eluted at KI 2859. 
These discrimination scores, computed for each 
specimen for each KI and totaled to produce a 
cumulative score per specimen, were normalized 
by ranking all observations by species (Conover & 
Iman 1981), and ranks were subjected to analysis 
of variance (GLM procedure, SAS Institute 1985) 
to assess heterogeneity of cumulative scores within 
each species. 
A single blind test was used from different pop-
ulations to verify reliability of this identification 
procedure. Asian cockroaches were field-collected 
in rural areas east of Tampa; German cockroaches 
were taken from museum specimens (10) collected 
in New Caledonia in 1961, and from a colony (F2 
generation) that originated from specimens col-
lected at an infested house near Lakeland, Fla., 
and from an apartment complex in Gainesville, 
Fla. Cockroach body parts (legs, wings, cast skin), 
as well as whole bodies and oothecae were tested; 
12 hybrids were also included from German fe-
males (HRDC strain). Identifications were first 
made from visual examination of the chromato-
grams. Data from the 12 KI peaks were then used 
to score each "unknown," and cumulative scores 
for each specimen were compared to established 
critical score intervals to categorize each as Asian, 
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Table 2. Percentages of total composition and ranges of hydrocarbons of adult German (HRDC strain) and Asian 
cockroaches by gas chromatography 
GC peaks Asian (n = 60) German (n = 60) 
(KI)a Mean SD Min Max Mean SD Min Max 
2700* 0.03 0.02 0.01 0.08 1.60 0.29 1.01 2.29 
2733* 0.04 0.02 0.01 0.10 3.23 1.11 1.76 6.61 
2753* 0.04 0.02 0.01 0.08 2.14 0.56 0.60 3.37 
2775-2785* 0.08 0.03 0.03 0.16 5.87 0.86 3.21 7.86 
2810* 0.94 0.78 0.12 3.79 5.71 1.50 3.43 10.66 
2833* 0.24 0.13 0.01 0.64 1.80 0.64 0.73 3.41 
2859 0.53 0.21 0.16 0.96 0.65 0.40 0.01 1.46 
2875 0.40 0.14 0.01 0.94 0.87 0.19 0.54 1.34 
2900 6.16 1.40 3.60 9.27 6.79 1.36 4.21 9.78 
2933 8.99 3.16 6.02 18.73 16.36 3.20 12.53 26.30 
2952-2962 12.48 1.81 9.60 19.29 11.45 0.99 9.23 13.27 
2975-2985 15.29 1.48 11.35 18.19 13.65 1.82 9.49 17.40 
3010 24.21 3.72 16.32 30.74 15.26 1.97 9.82 18.82 
2040* 6.77 1.28 4.07 9.21 2.14 0.37 1.38 2.94 
3062* 1.63 0.53 O.oI 2.93 0.41 0.13 0.01 0.75 
3100* 2.35 0.42 1.08 3.22 0.63 0.16 0.25 0.92 
3133* 5.13 1.00 3.26 7.60 1.27 0.34 0.81 2.39 
3152 0.58 0.56 0.01 2.48 0.50 0.18 0.01 0.93 
3185* 3.41 0.67 1.91 4.95 0.32 0.09 0.11 0.52 
3208* 2.91 0.80 1.85 6.49 0.34 0.13 0.01 0.67 
3233 0.61 0.26 0.23 1.48 0.00 0.00 0.00 0.00 
a KI values followed by an asterisk are those with 95% CON that do not overlap between species; these were used in the principal 
components analysis. 
German, or a hybrid cockroach. Voucher Asian and 
German cockroaches were deposited at the U.S. 
National Museum of Natural History, Smithsonian 
Institution, Washington, D.C. 
Results 
The patterns of hydrocarbon components of 
males, females, and nymphs within each species 
were consistent. German cockroaches had a cluster 
of medium-sized peaks eluting after heptacosane 
(KI 2700-2810), a cluster of much larger peaks that 
eluted after nonacosane (KI 2900-3040), relatively 
tiny peaks that eluted after hentriacontane (KI 
3100-3230), and virtually no peaks that eluted af-
ter tritriacontane (33 carbons). 
All chromatograms display the 10-20 min por-
tion of each GC run (Fig. 1). No appreciable dif-
ferences were seen in patterns of individuals from 
the populations examined, including HRDC, Or-
lando normal, Alaska colony, Lakeland wild, New 
Caledonia museum, and specimens submitted from 
throughout the Gulf states. Most material (approx-
imately 91%) was seen in 14 peaks that eluted at 
KI2700, 2733,2752, 2775,2785, 2810, 2900,2933, 
2952, 2962, 2975, 2985, 3010, and 3133. 
In contrast, Asian specimens had very little hy-
drocarbon that eluted before nonacosane (KI 2700-
2833), a cluster of large peaks that eluted after 
nonacosane (KI 2900-3040), a medium-sized clus-
ter of peaks that eluted after hentriacontane (KI 
3100-3230), and again, virtually no peaks that elut-
ed after tritriacontane (33 carbons) (Fig. 2). Most 
material (approximately 93%) was seen in 11 peaks 
that eluted at KI 2900, 2933, 2952, 2975, 2985, 
3010, 3040, 3100, 3133, 3185, and 3208. 
The methyl alkanes of German and Asian fe-
males are described here in groups by the GC peak 
in which they eluted, and by their molecular 
weights, as determined from CI spectra (Table 1). 
Alkane retention times were consistent with stan-
dards; a few alkenes were found but not charac-
terized. The 27 A and 27B structures were deter-
mined only in German females; the former (KI 
2733) included 13-, 9-, and 11-methyl isomers in 
decreasing order of intensity, and the KI 2740 peak 
contained the 7-isomer. The 29A peak (KI 2933) 
was similarly a mixture, with 13-, 15-, and 11-
methyl isomers present in both species, but the 
9-methyl was less evident in Asian specimens. The 
27 A (KI 2752) and 29A peaks (KI 2952) contained 
only 5-methyl alkanes. The 27 A' (KI 2775) and 
29A' (KI 2975) peaks contained 3-methyl alkanes 
having prominent M-29 fragment ions, consistent 
with Nelson and Sukkestad (1970). A 4-methyl al-
kane would have eluted just before a 3-methyl 
alkane, but it was observed only in the KI 2859 
peak in both German cockroach samples. The 31A 
peak (KI 3133) was large in Asian females and 
contained 11-, 15-, and 13-methylhentriacontanes. 
The earliest eluting dimethyl alkanes in each 
carbon series were those with internal3-methylene 
bridges, observed at KI 2762, KI 2859, and KI 2962 
in German cockroaches, with KI 3162 also present 
in Asian cockroaches. The spectra were consistent 
with the 13,17-, and 11, 15-dimethyl structures pro-
posed. The next eluting 5,X-dimethyl alkanes had 
methyl branches closer to the end of the chain, 
contained 3-, 5-, and 9-methylene bridges, and 
eluted at KI 2785, KI 2885, and KI 2985. The 5,9-, 
5,11-, and 5,13-dimethyl structures proposed were 
consistent with the spectra. These structures were 
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Fig. 1. Gas chromatograms of cuticular hydrocarbons of the German cockroach, B. germanica (HRDC strain), 
characteristic for males, females, and nymphs. 
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Fig. 2. Gas chromatograms of cuticular hydrocarbons of the Asian cockroach, B. asahinai (Lakeland, Fla.), 
characteristic for males, females, and nymphs. 
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determined for KI 2785 only in German cock-
roaches; a 5,15-dimethyl homolog was present in 
Asian cockroaches at KI 3185. The next eluting 
dimethyl alkanes at KI 2810 (27B') and KI 3010 
(29B'), were homologous in structure in both species. 
Spectra were consistent with 3,Il-dimethyl al-
kanes, as the consistently large KI 3010 peak showed 
major fragments at m/z 182/183, 280, and 407 
(loss of 2C), and were consistent with published 
spectra for the synthesized compound, 3,Il-di-
methylnonacosane (Pomonis et al. 1980). This peak 
also contained minor amounts of 3,9- and 3,7-hom-
ologs in both species, whereas a KI 3208 peak in 
Asian cockroaches had 3,9- and 3,Il-dimethyl al-
kane homologs. The mass spectra of hydrocarbons 
from male German and Asian cockroaches were 
obtained; the components were entirely consistent 
with structures of compounds reported here for 
con specific females. 
Only when compounds had even-numbered 
backbones, as at KI 2833 and KI 2859, were methyl 
branches observed at even-numbered carbons; this 
made them more difficult to identify in the pres-
ence of compounds with methyl branches on odd-
numbered carbons. Also, the KI 3040 peak con-
tained an undetermined dimethyl alkane with some 
monomethyl alkanes in German cockroaches, but 
it was not present in Asian samples according 
to the CI ion chromatograms. This data-handling 
feature was helpful in describing coeluting com-
pounds that differ by one carbon. 
For B. vaga, only higher molecular weight ma-
terials with hydrocarbons of 31-44 carbons (KI 
3162-4410) were present consistently (Fig. 3). Most 
material was seen in nine peaks that eluted at KI 
3162, 3175, 3800, 3810 (doublet), 4000, 4010 
(doublet), 4200, 4210 (doublet), and 4400, 4410 
(doublet). 
A few minor components, common to Asian and 
German specimens, were observed by GC (x % 
composition from three males), including KI 2700 
(0.02%),2810 (0.13%), 2900 (0.07%), 3062 (0.48%), 
and 3100 (0.43%). Other major components not 
found in Asian or German cockroaches included 
KI 3165 (6.9%), 3175 (1.9%), 3210 (0.8%), 3265 
(0.8%),3275 (0.8%),3365 (0.6%), 3375 (0.8%), 3410 
(4.7%),3800 (4.5%), 3810 (17.6%), 4000 (14.9%), 
4010 (17.5%),4200 (7.8%),4210 (4.4%), 4400 (1.0%), 
and 4410 (0.8%, total 87%). 
Compositions were consistent among males, fe-
males, and nymphs from colony material, as well 
as from museum materials collected in several 
western states. Mass spectra of the major peaks 
indicated methyl alkanes at KI 3162 (m/z 407 [22%], 
435 [5%], and 449 [100% by CI, M-l]) for 2-meth-
ylhentriacontane, KI 3175 (m/z 393 [12%], 421 
[12%], and 449 [100% by CI, M-l]) for 3-methyl-
hentriacontane. The KI 3210 peak contained a mix-
ture of undetermined methyl alkanes (m/ z 449 and 
463 [100% by CI, M-l]), but 3410 contained a mix-
ture of undetermined dimethyl alkanes (m/z 491 
[100% by CI, M-l]). An unusual series of alkatrienes 
and another of dienes were observed as pairs of 
peaks, with trienes eluting first. Complete struc-
tural identification of the mixtures of trienes and 
dienes is beyond the scope of this paper. However, 
the CI spectra clearly showed M-l base peaks as 
follows: KI 3800 (C39:3, m/z 541), 3810 (C39:2, 
m/z 543), 4000 (C41:3, m/z 569), 4010 (C41:2, 
m/z 571), and 4200 (C43:3, m/z 597). The KI 4210 
peak and those that eluted later were not recorded. 
The comparison of GC data among 60 Asian and 
60 German specimens (HRDC strain) indicated that 
26 peaks were present consistently, regardless of 
age or sex, and the percentage compositions of 21 
peaks were compared (Table 2). Except for KI 
3152, there were statistically significant differences 
between species (P < 0.01, Duncan-Waller test, 
SAS Institute 1985). Although this analysis is clearly 
sufficient to separate populations of each species, 
it may be inadequate for identifying individual 
specimens. Consequently, salient differences among 
peaks were sought that could be used to identify 
individual specimens. Therefore, the 12 peaks (see 
Table 2) for which the 95% CON for Asian and 
German cockroaches did not overlap were selected 
for further scrutiny. Kaiser's measure of sampling 
adequacy (MSA) confirmed that scores for these 
peaks were well above the level of minimal accep-
tance (0.8, SAS Institute 1985), ranging from 0.916 
(3185) to 0.978 (3100), indicating that each aided 
in separating species. Consequently, these data were 
retained for computing first and second principal 
components. 
All specimens (150) were plotted by first (ordi-
nate) and second (abscissa) principal components 
to visualize how well the combination of the 12 
peaks separates species, and to assess uniformity 
within species (Fig. 4A). The species were widely 
separated by first component scores. 
Examination of scores for adults indicated het-
erogeneity within species (Fig 4B). Male Asian 
cockroaches (m) scored lower than females (f) for 
both components, indicating sexual dimorphism of 
the species for extracted hydrocarbons. Among 
German cockroaches, those affected by hydroprene 
(H) were characterized by relatively high first com-
ponent scores and relatively low second component 
scores. Specimens from the Alaska colony (K) also 
were clustered, but scored higher than hydroprene-
affected German cockroaches for both components. 
As in Asian cockroaches, occurrence of sexual di-
morphism in German cockroaches was illustrated 
by the separate clustering of males from females 
(M and F). Specimens from the Gulf states (S) were 
scattered among the other groups, indicating the 
greatest heterogeneity among sample groups of 
German cockroaches. 
Within each species, mean discrimination scores 
varied significantly among stages, corroborating the 
evidence for heterogeneity indicated in principal 
components analysis (Table 3). Overall means were 
close to the maximum possible scores of 12 or -12. 
Overall mean cumulative scores were 11.05 and 
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Table 3. Ranges and means of cumulative scores for life stages of Asian and German cockroaches 
Species Stage'l n Min Max SD SEM Meanb 
Asian F 10 11 12 0.31 0.10 11.9a 
M 10 7 12 1.37 0.43 9.9d 
LFN 10 10 12 0.88 0.28 l1.1bc 
LMN 10 10 12 0.70 0.22 11.4ab 
MN 10 10 12 0.70 0.22 11.4ab 
SN 10 9 12 0.97 0.31 1O.6cd 
Total 60 7 12 1.06 0.14 11.1 
German F 10 -11 -11 0.00 0.00 -11.0g 
(HRDC) M 10 -11 -8 0.95 0.30 -9.7bcd 
LFN 10 -11 -8 1.03 0.33 -1O.2cde 
LMN 10 -11 -10 0.32 0.10 -1O.9cde 
MN 10 -11 -8 0.97 0.31 -1O.6efg 
SN 10 -11 -9 0.70 0.22 -1O.4def 
German F 5 -8 -5 1.34 0.60 -6.4a 
(Orlando-hydroprene) M 5 -10 -9 0.55 0.24 -9.7b 
German F 5 -11 -11 0.00 0.00 -11.0g 
(Alaska) M 5 -11 -10 0.55 0.25 -1O.6efg 
German A 10 -11 -7 1.43 0.45 -9.4bc 
(Gulf states) 
Total 90 -11 -5 1.34 0.14 -10.1 
a A, adults; F, female; M, male; LFN, large female nymph; LMN, large male nymph; MN, medium nymph; SN, small nymph. 
b Means of stages in the same species followed by the same letter are not significantly different (P < 0.05; Waller-Duncan multiple 
range test [SAS Institute 1985] applied to ranked observations [Conover & Iman 1981]). 
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critical diagnostic values (see Fig. 5) for separating Asian and German cockroaches; C, cast skin; F, female; H, 
hybrid; L, leg; M, male; N, nymph; NCF, New Caledonia female (German); NCM, New Caledonia male (German); 
0, ootheca; and W, wing. Limits for critical diagnostic values are represented by horizontal lines (see text). 
- 10.1 for Asian and German cockroaches, respec-
tively, indicating that the combination of these 12 
KI peaks clearly is diagnostic for each species. 
Therefore, mean cumulative scores and 99% CON 
(three standard deviations) of observations about 
the mean were plotted (Fig. 5) for each group listed 
in Table 3. Among Asian cockroaches, values were 
lowest and most variable for males and small 
nymphs. Consequently, in determining a range of 
critical cumulative scores that would be useful for 
all stages of Asian cockroaches, we arbitrarily re-
duced the computed lower limit from 7.87 to 5.5 
to encompass the anticipated variability of males. 
Similarly, among German cockroaches, males and 
specimens from the Gulf states (Fig. 5, S) were 
lowest and most variable of those stages not affected 
by hydroprene; the computed upper limit for crit-
ical cumulative scores of -6.09 was adjusted to 
-5.5. 
The reliablility of this was assessed by submitting 
63 specimens for single-blind testing. In all cases, 
visual inspection of the chromatograms gave cor-
rect identifications of 10 Asian and 10 German 
cockroaches, 5 German cockroaches from New 
Caledonia (museum specimens collected in the 
1960s), three oothecae each from Asian and Ger-
man cockroaches, seven legs from seven specimens 
each of Asian and German cockroaches, wings from 
3 Asian and 2 German cockroaches, and a cast skin 
from a nymphal German cockroach; 12 hybrids 
from Asian females were also correctly identified. 
Plotting cumulative scores computed from the 12 
KI criteria (Fig. 6) also resulted in correct identi-
fication of all 23 Asian and 28 German samples. 
Additionally, all 12 hybrids scored between Asian 
and German ranges (Fig. 6), and each chromato-
gram was characteristic of hybrids (Fig. 7). 
Discussion 
Use of these identification methods may be use-
ful in complementing or supplanting traditional 
taxonomy methods based on morphological differ-
ences. As mentioned previously, identification of 
male German and Asian cockroaches can be done 
morphologically, but there are few identifying 
characters for females (Mizukubo 1981), and vir-
tually none for nymphs (Roth 1985). Identifications 
based on dissections are not easy at a field location 
or by pest control operators. Although only Asian 
cockroach adults fly, this diagnostic behavior might 
not be observed indoors, or at times when adults 
are rare relative to nymphs. Consequently, iden-
tifying infestations under these circumstances, based 
solely on established morphological characteristics, 
is virtually impossible. Moreover, hydroprene, 
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which is a highly effective chemical used to control 
the German cockroach, causes twisted, distorted 
wings in the adults of the German (Patterson & 
Koehler 1985) and the Asian (R. S. Patterson, per-
sonal communication) cockroaches. This situation 
negates the use of wing measurements or flight 
ability to identify which species constituted an in-
festation. 
The hydrocarbon components of each Blattella 
species were clearly different by simple inspection 
of chromatograms, regardless of age, sex, or geo-
graphical origin. For example, chromatographic 
patterns of museum specimens of German cock-
roaches from New Caledonia (collected in 1961) 
were similar to those of all other German specimens 
from Alaska, colonies obtained from field collec-
tions in Washington, D.C. (HRDC strain), and from 
Florida and other Gulf states. Consequently, it ap-
pears that the phenomenon of hydrocarbon-pat-
tern specificity for the species tested here is uni-
versal. 
Sticky traps are used commonly in assessing 
cockroach population structure. Single legs or wings 
give diagnostic chromatograms; body parts, un-
contaminated or slightly contaminated by trap ad-
hesives, can be removed for analysis from speci-
mens that appear morphologically to be either 
German or Asian. This procedure also would let 
researchers retain live specimens (i.e., hybrids) and 
still determine lineage. 
The chromatograms shown here are consistent 
with early GC studies of cockroaches. Bennett & 
Hall (1973) pyrolyzed 2-mg samples of dried B. 
germanica exoskeletal body parts, and observed 
hydrocarbons similar to those reported here, though 
poorly resolved, and contaminated by nonhydro-
carbons. Acree et al. (1965) analyzed crude he-
molymph supernate of several species of male 
cockroaches and found significant differences 
among five species in unidentified hydrocarbons. 
Although no Asian cockroaches or B. vaga were 
investigated in that study, chromatograms of male 
German cockroaches were similar to the patterns 
seen here. 
Mass spectrometry confirmed the assignments of 
retention indexes for the species studied here. These 
experiments lend confidence in establishing the 
utility of gas chromatography for identification of 
closely related species of insects where traditional 
morphology-based techniques are difficult or not 
diagnostic for all stages. This technique allows rap-
id and confident scoring of unknown specimens 
that can be compared to scores of known speci-
mens. 
Note added in proof: 
After submission of this manuscript, the GCMS 
of hydrocarbons of one sample of mixed-sex B. 
germanica from Europe were published, with the 
same hydrocarbon pattern for this species as de-
scribed here. They identified fewer compounds, 
and did not identify branching patterns in dimeth-
ylheptacosane and dimethylnonacosane, but the 
major peaks included the same compounds as re-
ported in this work (Augustynowicz et al. 1987). 
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